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Abstract  
Environmental policy is one of the main tools of environmental management for the government, it is 
very important for performance evaluation. This study is quantitative analysis for the relationship 
between the various types of environmental policies and the performance of total COD in wastewater 
emission volumes reducing, to obtain the role of pollution reduction from the support of policy. Based 
on the results of Logistic model analysis, 5 reduction measures significantly affected the performance in 
three types of emission reduction targets. Among them, shutting down and relocate the number of 
enterprises have the greatest contribution to the emission reduction performance, and it followed by the 
sewage treatment rate, the removing of COD by the new wastewater treatment facilities, the number of 
projects completed under deadline management, the proportion of secondary industry. The frame 
measures are very effective and eliminating trailed productivity is the highest efficiency measure in all 
pollution control measures. Sewage treatment measures in this area also played a key role in pollution 
reduction; the sewage charging policy plays a key role in economic management. The adjustment of 
economic structure is concerned with pollution reduction. The more proportion of secondary industry 
covers, the more difficulty emission reducing is. Therefore, the government should pay more attention 
on the adjustment of industrial structure and strengthen the sewage treatment capacity to improve the 
performance of total amount reduction of pollutants emission. 
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1. Introduction 
Environmental policy is the important way to solve environmental problems, which is 
also one of the main tools of environmental management for the government. 
Environmental policy assessment is a way to measure benefit, efficiency, effectiveness and 
value of environmental policy according to certain criteria and procedures. It is not only 
one of the important sections in the process of operation of environmental policy, but also 
the basic and important guarantee to achieve policy goal. The performance of the 
environment policies is the result of the comprehensive function of all of factors, but we 
are lack of quantitative analysis of the respective contributions of the policy factors. Total 
amount reduction of pollutants emission is the new request during “the 11th five-year 
plan” in ChinaˊHowever, there is no proper method to evaluate the performance of 
reduction measures of total emissions of major pollutants.   
The "11th five-year plan" period, pollutants emission reduction measures included 
engineering measures, structural adjustment measures, and supervision and management 
measures. The measures of total amount reduction of pollutants emission were the object 
of study, and quantitative evaluation model and method was established. Quantitative 
method is the most important research topic in environmental management research field 
and the foundation and prerequisite to research others. In fact, the quantitative evaluation 
method of environmental policies plays an important role in improving the environment 
policy formulation system, enhancing efficiency of environmental policy and so on. 
2. Material and methods  
2.1 Study area 
Environmental policies and emission reduction result were collected in 30 provinces, 
municipalities and autonomous regions (except in Tibet, the data cannot be available in 
Tibet). The data in 2007 was looked as the basic year for comparison because the data of 
total emission pollution and COD emissions in 2007 is the latest data from the state 
statistical yearbook. Also, 2007 is a year during "11th five-year plan" (2006-2010), most of 
the policy in this year has been effectively implemented.  
2.2 Performance of total amount reduction of pollutants emission (Y) 
Supposing that y1 is the actual emission amount of COD in 30 areas in 2007, and y2 is 
the amount of COD that should be discharged without taking any reducing measures, 
which is a virtual variable. The latter is based on a hypothesis: COD is directly 
proportional with GDP. That is, the emission of COD increased proportionally with the 
development of GDP (COD = K×GDP, k standing for the amount of COD that is produced 
per unit of GDP). Lets Y ′= y2 - y1.  
According to the emission amount of COD and GDP in 2003(assuming that there 
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were no emission reduction measures), the K value was obtained. Then the virtual COD 
emission (y2) in 2007 and 2006 can be figure out based on the K value. Here Y′07 and Y′06 
meant the emission effect in 2007and 2006, respectively. The increasing rate in 2007 
compared with that in 2006 was following: Y = (Y′07 - Y′06) / Y′06. The national mean Y 
value could be got. For one province, if the Y value was more than or equal to the national 
mean Y value, then Y was equal to 1(Y=1) in the next model. If the Y value was less than 
that value, Y was equal to 0 (Y=0). Among them, the provinces with Y=1 accounted for 
40% and that with Y=0 did 60%. 
Table 1 Data of total COD emission volumes reducing of each province in the model 
Province Y Value Province Y Value Province Y Value Province Y Value 
Beijing 0 Zhejiang 1 Hainan 0 Shanghai 0 
Tianjin 0 Anhui 0 Chongqing 0 Jiangsu 1 
Hebei 1 Fujian 0 Sichuan 1 Guangdong 1 
shanxi 1 Jiangxi 1 Guizhou 0 Guangxi 1 
Inner Mongolia 1 Shandong 1 Yunnan 0 Ningxia 0 
Liaoning 0 Henan 1 Shaanxi 1 Xinjiang 0 
Jilin 0 Hubei 0 Gansu 0   
Heilongjia
ng 
0 Hunan 1 Qinghai 0   
2.3 Influence factors (X)  
Based on professional knowledge and data available, 17 kinds of environmental 
policy indices were selected as the representative indices (Table 2). Theoretically, these 
indices had effects on COD emission reducing. Each index data can be obtained from 
“Statistical Yearbook”, “Environmental Statistics Yearbook” published by the national 
bureau in 2008. 
Table 2 Index system of COD performance of total amount reduction of pollutants emission in water environment 
First-class 
 index 
Second-class    indexes Third-class index Index 
code 
1Engineering  
measures 
1.1Enterprise interior  
Sewage treatment 
<01> the removing of COD by the new wastewater treatment facilities X1 
<02> Wastewater treatment facilities (sets) X2 
<03>Wastewater treatment facilities management ability X3 
1.2 Sewage treatment  
Public  measures 
<04> designed processing capacity of Sewage treatment plant (ten thousand 
tons/day) 
X4 
<05> pollution concentration device number in industrial estate (seats) X5 
<06> processing capacity of centralized processing device (tons/day) X6 
<07> Annual sewage treatment rate X7 
2.Mnagement  
measures 
2.1Clean production <08> Finishing compulsory cleaner production audits project number X8 
<09> The number of Obtaining the ISO14001 certification enterprises *  
2.2 Deadline management  <10> The number of projects completed under deadline management X9 
2.3 The EIA system <11> The rate of executions that the EIA system carried out˄%˅ X10 
2.4 Sewage charging <12> Sewage charging sum X11 
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<13>The improving of Sewage charging standard   
2.5 Regime of three 
concurrences 
<14>Qualification rate of “Three at the same time" (%) 
X12 
2.6 Administrative penalty <15> The number of implementing administrative punishments treatment  X13 
2.7On-line monitoring <16> The number of online testing water pollution instruments X14 
3.Structural  
measures 
3.1 All kinds of industry  
structure adjustment 
<17> wastewater quantity per ten thousand Yuan GDP˄tons˅ X15 
<18> the proportion of  secondary industry X16 
3.2Eliminating  
trailed productivity 
<19>The number of  shutting down and relocating enterprises X17 
<20> The conditions to improve access to industry *  
Note: * stands for lacking of data or the index that is not suitable for national level  
2.4 Application of logistic regression 
Logistic regression is a data-based and common method for empirically predicting the 
probability of events [1-2]. The model was used to understand the relationship between the 
perceived change of reduction efficiency and a set of independent environmental policy 
variables. 
Theoretically, such change is a function of many factors relating to all kinds of 
environmental policies (engineering measures, structural adjustment measures, and 
supervision and management measures). 
Because for a binominal dependent variable the probability of being classified in the 
first category, P(Y = 0) is equal to 1 minus the probability of being classified into the 
second category, P(Y = 1) if we know one probability, we know the other: P(Y= 0) = 1-P(Y 
= 1) [3]. To avoid the problem that the predicted values may be less than 0 or greater than 1, 
the probability that Y=1 is replaced with the odds that Y = 1. The odds that Y =1, written as 
odds(Y = 1), is the ratio of the probability that Y = 1 to the probability that Y=1 (Menard, 
2001). 
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The odds has no fixed maximum value, but like the probability, it has a minimum value 
of 0. In order to produce a variable that varies, in principle, from negative infinity to 
positive infinity, one further transformation of the odds is required [3]. The natural 
logarithm of the odds is called logit of Y, and is as follows 
nn XCXCXCCppPLogitY    22110))1/(ln()(                (2) 
where p is the probability that the dependent variable ( Y) is 1, p/(1-p) is the so-called 
odds or likelihood ratio, C0 the intercept and C1, C2, . . ., Cn are coefficients, which 
measure the contribution of the independent factors (X1, X2, . . ., Xn) to the variation in Y. 
In order to interpret the meaning of Eq. (2) correctly, one has to use the coefficients as 
a power to the natural log (e). The result represents the odds ratio or the probability that an 
event will occur divided by the probability that it fails to do so. If a coefficient is positive, 
its transformed log value will be greater than one, meaning that the event is more likely to 
occur. If a coefficient is negative, the latter will be less than one and the odds of the event 
occurring decreases. A coefficient of 0 has a transformed log value of 1, which does not 
change the odds one way or the other. For a positive coefficient, the probability plotted 
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against the values of an independent variable follows an S-shaped curve. A mirror image 
will be obtained for a negative coefficient [4]. 
An iterative modeling process was undertaken. The first step ahead of the main 
statistical analyses is to ensure that data have been normalized in a manner LR requires. 
Univariate analysis of the variables and their first-order interactions were carried out 
initially with 19 variables. Then the possible presence of multicollinearity among the 
continuous variables was checked using Pearson correlation coefficients (r) between 
variables: if r > 0.7, the regression may be biased [5]. The 10 uncorrelated explanatory 
variables were then entered into the SPSS program simultaneously for logistic regression 
analysis with Enter in SPSS 13.0 at the p<0.05 significance level (Table 3).  
Table 3 Definition of variables responsible for performance of total amount reduction of pollutants emission 
Index code N Abatement measures 
Mea
n 
Sd. 
X2 30 Wastewater treatment facilities management capacity (ten thousand tons/day) 735.83 620.2 
X3 30 The removing of COD by the new wastewater treatment facilities(tons) 19424.93 30347.29 
X6 30 Processing capacity of centralized processing device (tons/day) 79616.67 222184.14 
X7 30 Sewage treatment rate (%) 33.40% 0.1735 
X8 30 Finish compulsory cleaner production audits project number (a) 48 82.97 
X9 30 The number of projects completed under deadline management 803.77 895.38 
X10 30 The rate of executions that the EIA system carried out˄%˅ 99.51 0.99 
X15 30 The number of  Shuting down and relocating enterprises 857.77 971.47 
X16 30 Wastewater quantity per ten thousand Yuan GDP˄tons˅ 9.43 5.98 
X17 30 The proportion of  secondary industry˄%˅ 48.33 7.47 
Note: Numbers represent indicators shown in Table 2. 
3. Results 
The results, presented in Table 4 and 5, X15 has the greatest contribution for the 
reduction of the total volumes, and so forth. There are four indices that play remarkable 
roles for COD volumes emission reducing, that is: the number of Shutting down and 
relocating enterprises, Sewage treatment rate, the removing of COD by the new wastewater 
treatment facilities, the number of projects completed under deadline management. The 
secondary industry proportion ß coefficient is negative, which shows that the secondary 
industry has a negative affect on reduction performance, that is, the greater the proportion 
of the secondary industry is, the worse the performance. 
Table 4 Results of logistic regression analysis to assess the performance of total amount reduction of pollutants 
emission 
 β S.E. Wald Sß 
Constant α  -0.711 0.601 1.402 -1.183 
The removing of COD by the new wastewater treatment facilities(tons) (X3) 2.175 1.075 4.092 2.023 
Sewage treatment rate (%) (X7) 1.995 0.865 5.322 2.306 
The number of projects completed under deadline management˄the X9˅ 1.814 0.929 3.812 1.953 
The number of  shutting down and relocating enterprises˄the X15˅ 3.509 1.414 6.160 2.482 
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The proportion of  secondary industry˄%˅ ˄X17˅ -1.112 0.663 2.915 -1.677 
Note: P < 0.05 
The frame measures such as eliminating trailed productivity are very effective, it is at 
the highest position in all pollution control measures; internal sewage treatment measures 
in this area also played a key role in pollution reduction; the sewage charging policy plays 
a key role in economic management. The adjustment of economic structure is concerned 
with pollution reduction. The greater proportion of secondary industry is, the harder 
emission reducing. Therefore, it should increase the regulated intensity for the proportion 
of manufacturing industries and strengthen the sewage treatment capacity to enhance the 
emission volumes reducing. 
Table 5 Parameters of the model to assess the performance of total amount reduction of pollutants emission 
General  
prediction accuracy 
Cox & Snell  
R Square  
Nagelkerke 
 R-Square  
Chi-square -2loglikelyhood 
Likelihood degrees 
83.3% 0.759  0.616 3.835  22.628 
Regression equation can be got from multiple factor regression analysis results (Table 
4):  
                                                               (3)         
 
Probability equation of reduction performance through equation (3):   
                                                                
 (4) 
 
Among them: P value is between 0 and 1.We can predict the probability of reduction 
performance with equation (4) and p=0.5 is the demarcation. If more than 0.5, it shows the 
greater probability of the case(Y=1); Otherwise, the greater of the probability of the case 
(Y=0). 
4. Conclusion  
(1) Through the material selection, indices having effects on emission reduction 
performance include three kind of first-order index: engineering measures, policy measures 
and structural measures. Specific indices have 20 third-order indices, in which 17 indices 
can obtain data. 
(2) Based on the results of Logistic model analysis, five reduction measures 
significantly affected the performance in three types of emission reduction targets. Among 
them, shutting down and relocating the number of enterprises have the greatest 
contribution to the emission reduction performance, and that followed by the sewage 
treatment rate, the removing of COD by the new wastewater treatment facilities, 
the number of projects completed under deadline management, the proportion of secondary 
industry. The frame measures are very effective and eliminating trailed productivity is the 
highest efficiency measure in all pollution control measures. Sewage treatment measures in 
this area also played a key role in pollution reduction; the sewage charging policy plays a 
key role in economic management. The adjustment of economic structure is concerned 
with pollution reduction. The more proportion of secondary industry covers, the more 
difficulty emission reducing is. Therefore, the government should pay more attention on 
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the adjustment of industrial structure and strengthen the sewage treatment capacity to 
improve the performance of total amount reduction of pollutants emission. 
˄(3) The predicted model of the performance of total amount reduction of pollutants 
emission: 
 
 
 
Through this model, the input of abatement projects can obtain good performance of 
numerical reductions (Y = 1) event of probability. 
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